The use of ram horn hydrolysate (RHH) as a substrate for lactic acid production was investigated using Lactobacillus casei. For this purpose, first RHH was produced. Ram horns were hydrolyzed by treating with acids (6N-H 2 SO 4 and 6N-HCl) and neutralizing the solutions. The amounts of protein, nitrogen, ash, some minerals, total sugars, total lipids and amino acids of the RHH were determined. The effect of different concentrations (1^10% v/v) of RHH on the production of biomass, lactic acid concentration and sugar consumption was investigated, and a concentration of 6% RHH was found to be optimal. The content of lactic acid in the culture broth containing 6% RHH (44 g l 31 ) for 26 h was 22% higher than that of the control culture broth (36 g l 31 ). From this result, RHH was demonstrated to be a suitable supplement for lactic acid production, a use that would resolve a local environmental problem.
Introduction
Lactic acid has a wide range of applications in food, pharmaceutical and cosmetics industries [1] . Recently, new applications of lactic acid, such as a monomer in biodegradable plastics or as an intermediate in the synthesis of high-volume oxygenated chemicals, have the potential to greatly expand the market for lactic acid, if more economical processes could be developed [2^4] . Research e¡ort is focused on looking for new and e¡ective nutritional sources and new progressive fermentation techniques enabling the achievement of both high substrate conversion and high production yields. The enhancement of lactic acid production has been studied under the various chemical, physical, biochemical and media components [5^7].
The nitrogen source is usually the most expensive component of microbial growth substrates [8] . Ram horns, known as ¢brous protein, are widely produced in the world. In Turkey, more than 600 tons of horn is produced per year [9^11] . Increasing concern about pollution that occurs from agricultural and industrial wastes has stimulated interest in converting waste materials into commercially valuable products, especially single-cell protein production and lactic acid [2, 3, 12, 13] . Furthermore, other ¢brous proteins from e.g. feather, nail and hair are available as waste. These waste products can be converted to biomass, protein concentrate or amino acids using proteases derived from certain microorganisms [14] . Ram horns consist of K-keratin, which is relatively rich in cysteine (up to 22%). In addition, they contain most of the other common amino acids [15^17] . On the other hand, peptones and ¢sh hydrolysates are made either by acid hydrolysis or enzymatic digestion of proteins. Acid hydrolysis allows high yields; however, this process results in high ash content in the ¢nal products as the neutralization step cannot be avoided [18] .
Ram horn protein hydrolysate has been investigated only to a minor extent, and its use in industrial processes is still low. Some previous experiments in our laboratory have been done on ram horn hydrolysate (RHH). For example, for single-cell protein production [12, 13] , for enhancement of glycerol production [9] , peptone [10] , but this is the ¢rst time that RHH has been tested as a substrate for the production of lactic acid. On the other hand, Kurbanoglu and Algur [11] have reported that spraying RHH solutions at casing and between £ushes could signi¢cantly increase (38%) the mushroom yield. The hydrolysis processes for above works had been made with di¡erent methods. According to these reports, RHH needs to be thoroughly investigated to ¢nd industrial applications.
This paper reports the results of laboratory research using RHH as a substrate for the production of lactic acid. The objective of this study was to use the fermentation medium of RHH for the production of lactic acid by bacteria and thereby reutilize this abundant animal waste, to develop a new process for the treatment of ram horns. Another objective of this work was to see whether there are strong di¡erences between ram horn hydrolysate medium (RHHM) and the control medium (CM) used under laboratory conditions.
Materials and methods

Hydrolysis of ram horn
The chemicals used in this study were analytical grade and purchased from Oxoid (UK) and Difco (USA). Ram horns were obtained from the slaughterhouse of Erzurum, Turkey.
Hydrolysis processes were prepared by modifying the method of Kurbanoglu and Algur [11, 13] . For this purpose, horns were washed with deionized water and dried in an oven at 100 ‡C to constant weight. The dry horns were cut into smaller pieces and ground until average size 5 mm was achieved (Arthur, USA). The ground material was Fig. 1 . A production scheme for RHH.
termed horn powder (HP), and a production scheme of RHH was shown in Fig. 1. 
Organism and inoculum
Lactobacillus casei ATCC 10863 was supplied by Dr. C.P. Kurtzman (North University, Peoria, IL, USA). The strain was stored in deMan, Rogosa and Sharpe (MRS) broth with 12% glycerol at 376 ‡C. Inoculum was prepared for an experiment ; a stock culture was inoculated into 5 ml MRS broth incubated for 24 h on shaking at 38 ‡C. 1 ml of this culture was then transferred to 10 ml MRS broth (in 50-ml conical £ask) and incubated at 38 ‡C for 24 h.
Growth media
The medium used earlier for lactic acid fermentation by [19, 20] 
Fermentations
A batch culture was established in a 2-l fermenter (Biostat-M 880072/3, Germany) with a working volume of 1 l, equipped with temperature agitation and pH controllers. Both batch cultures were inoculated the same cell density. The culture temperature was automatically maintained at 38 ‡C. The pHs were maintained at 6 by automatic addition of 5 N NaOH during the fermentation. At the end of fermentation, the microbial biomass, glucose and lactic acid were determined.
Analytical methods
Amino acid analysis was carried out after hydrolysis with 6 N HCl in an amino acid analyzer (LC-5001; Biotronic, Germany). Total sugar content, dry matter and ash analysis were estimated by AOAC methods [21] . Total nitrogen was determined by the micro-Kjeldahl method [22] . Total lipids were estimated according to Folch et al. [23] . The elemental composition was measured using an atomic absorption spectrophotometer (Perkin-Elmer 360, Germany). Biomass concentration was determined by optical density measurement at 650 nm and calibrated to the cell dry weight. The concentrations of lactic acid in the culture broth were measured by a high-performance liquid chromatography (HPLC) using PL Hi Plex H column 300U7.7 mm (USA) and an ultraviolet (UV) detector at 210 nm with 0.005 M H 2 SO 4 as the eluent at a £ow rate of 0.6 ml min 31 at 55 ‡C. Residual sugar was also determined by HPLC using an RI detector.
Statistical analysis
The media were compared against each other. The experiments were replicated three times in a randomized block design. All data were analyzed using the general linear model procedure of SAS. Di¡erences among means were tested for signi¢cance (P 6 0.01) by Duncan's multiple range tests.
Results and discussion
A production scheme of RHH with a new process was shown in Fig. 1 . As seen in Fig. 1 , the amount of initial HP utilized is 100 g, and the 86 g of this HP was hydrolyzed. Another 14 g HP was not hydrolyzed and discharged as waste. This process is somewhat di¡erent than those of our previous studies [9^13] . Although the hydrolysis processes of ram horn in our previous studies were made by utilization of single type acid and single type neutralizing solution, in this process we used di¡erent acids and di¡erent neutralizing solutions. Especially, the objective of this process was to prevent the single type salt formation in RHH due to neutralization. For example, if 100 g HP is hydrolyzed with only 150 ml HCl and in order to neutralize to pH 7 this hydrolysate used only NaOH, in that case, 1 l RHH contains about 132 g NaCl. Thus, in this process the amount of single type salt was reduced and formed 5.40 g MgSO 4 , 6.12 g CaSO 4 , 6.80 g FeSO 4 , 6.39 g Na 2 SO 4 , 6.79 g MnSO 4 , 5.34 g MgCl 2 , 7.65 g CaCl 2 , 7.14 g FeCl 2 and 7.08 g MnCl 2 instead of 132 g NaCl per liter RHH. These salts for growth of L. casei may be more useful than only NaCl in culture broth, because CM does not contain NaCl in sight. Kurbanoglu [9] o¡ered clear advantages of RHH for enhancement of glycerol production. Similarly, we have found that this process satis¢es the experimental results of lactic acid production from RHH using L. casei. This has been considered as a method of ram horn waste treatment. However, raw material cost is one of the major factors in the economic production of lactic acid. Most lactic acid bacteria require one or more amino acids for growth. Various nitrogen sources, such as yeast extract, phytone peptone and cottonseed hydrolysate, have been compared for lactic acid production by lactobacilli, and appear to be necessary for the better growth of these bacteria. However, these nitrogen sources contain many amino acids and other nutrients including vitamins, minerals, nucleic acids, etc. From the point of cost reduction, the fermentation of lactic acid using these nitrogen sources will become less competitive [24] . Ram horns are a byproduct of the meat industry readily available at relatively low cost [9, 10] . According to Kristinsson and Rasco [25] , acid hydrolysis of proteins is used more commonly than hydrolysis under alkaline conditions. Total hydrolysis of ¢sh protein substrate can be achieved in 18 h at 118 ‡C in 6 N HCl. Following the neutralization of the digest, the hydrolysate contains a large amount of salt (NaCl), which can make the product unpalatable and interferes with functionality in food systems. In addition, these workers reported an acid hydrolysis process of whole ¢sh, where steam distillation is used to remove aromatic substances followed by ¢ltration then concentration. The concentrate was used in dehydrated soup cubes and as a microbial medium. The acid hydrolysis is also widely utilized to convert underutilized and secondary raw material from ¢sh into fertilizer due to the low production cost and resulting extensive hydrolysis.
The chemical composition of RHH was given in Table   1 . These data show RHH to be rich in both organic and inorganic components. As the results in Table 1 were similar to results in our previous studies [9^13], these results were not discussed. Peptone is the main nitrogen source used for lactic acid production under laboratory conditions [19, 20] . In this study, RHH was considered as source of nitrogen and mineral in the fermentation medium because of its amino acid and mineral content. It is clear that lactic acid can be produced by the bacteria when RHH was employed as the source of nitrogen and mineral in the fermentation medium. In addition, MgSO 4 , FeSO 4 and MnSO 4 did not need to be added to the fermentation medium as it was generated during the neutralization of the RHH (Fig. 1) .
First, we have investigated the e¡ects of RHH in various concentrations (1^10%) on the biomass, lactic acid and productivity (Table 2 ). These results demonstrated that addition of 1^6% RHH could result in promoted L. casei growth, accelerated substrate metabolism, and increased lactic acid production. Obviously, the concentration of 6% RHH had a signi¢cantly e¡ect on the biomass, lactic acid and residual sugar rates. These rates for 6% RHH are statistically signi¢cant (P 6 0.01). As seen in Table 2 , the highest biomass (6.7 g l 31 ), lactic acid (0.44 g product g 31 substrate) and the productivity (1.22 g product l 31 h 31 ) were obtained from 6% RHH. Thus, this study found that the optimal concentration for the production of lactic acid was 6%. It was found that applications higher than 6% had an inhibitory e¡ect. For example, the lowest biomass (1.5 g l 31 ) and lactic acid (0.02 g product g 31 substrate) yields were obtained from the application of 10% RHH. This inhibitory e¡ect is unclear and a possible reason is the high concentrations of heavy metal (iron, magnesium, manganese, calcium, etc.) in the medium. These metals may be cause critical problems during fermentation as they inhibit the growth of L. casei. Hsieh et al. [24] report that the mechanism of nitrogen source transport through the membrane of bacteria might involve permeases that are adenosine triphosphate (ATP) linked. The energy yielding reaction is *,**Means in row without a common superscript di¡er (P 6 0.01). Means of three trials, and each trial was examined in duplicate. Values with the same letter are not signi¢cant (P 6 0.01). a The dry amounts of hydrolyzed HP in the media.
coupled to the last step in membrane transportation by permeases. When peptides and amino acids are both present in the broth, the binding site of peptides resistant to hydrolysis by lactic acid bacteria in£uences the binding of amino acids at adjacent sites. These results suggested that the increase in RHH had a negative e¡ect on the cell growth rate, and the increase in lactic acid production rate was due to the increase in the cell growth rate. Therefore, we continued the research with 6% RHH for subsequent studies. This substrate was termed RHHM. Comparison of the main chemical composition of RHHM prepared from 6% RHH with that of CM was given in Table 3 . According to Table 3 , RHHM represents richer in nutrient than that of CM. The e¡ects of incubation time on the lactic acid, biomass yield and residual sugar of the cultures were shown in Fig. 2 . Notably, the use of RHH in the fermentation medium has a signi¢cantly e¡ect on the lactic acid yield and sugar consumption. The results of RHHM are higher than that of CM. The highest lactic acid yield in the RHHM was observed at 26 h. This value was 44 g l 31 , and the rate of sugar consumption was about 100%. However, the lactic acid yield in the CM for the same incubation time was measured as 36 g l 31 , and the rate of sugar consumption for this medium was 82%. As a result, the performance of RHHM for this incubation time is 22% higher than that of CM. On the other hand, the highest lactic acid yield in the CM was observed at 30 h. This value was 41 g l 31 , the rate of sugar consumption was about 100%. Nevertheless, this value is lower than that of RHHM. According to the 30 h incubation time, the content of lactic acid in the RHHM is 7% higher than that of CM. In addition, the levels of biomass in the RHHM are similar to those of CM for all incubation times. Although the CM gave the maximum lactic acid after a long time (30 h), the RHHM gave it after a short time (26 h) . Therefore, the RHHM on lactic acid production may be more economic. It resulted in an improvement in both a short time and fermentation rate. It is not surprising to ¢nd such di¡erences in lactic acid rate from cultures. As seen in Table 3 , the RHHM is rich in nutrients. These nutrients had a good a⁄nity for cell growth and higher lactic acid production by RHHM in comparison to the other CM may be due to the presence of these components in the RHH along with other components. Thus, more sugar was converted to lactic acid. From these results, the medium containing 6% of RHH can be used as a culture medium for lactic acid production by L. casei. On the other hand, according to many other references, lactic acid concentrations were somewhat low both by RHHM and CM. This may be due to fermentation parameters. In this study, the RHH was considered as a supplement in the fermentation medium because of containing various amino acids and minerals. We ¢rstly reported that lactic acid could be produced by L. casei when From [19, 20] . RHH was used as a substrate in the fermentation medium. It was newly found that RHH which was discharged as a waste in slaughterhouses was suited as a substrate for lactic acid production from the slaughterhouse residue by L. casei.
Conclusions
This work demonstrates a new way for the exploitation of ram horn waste. In short, the amount of initial HP utilized was 100 g, and the amount of HP hydrolyzed was 86 g. From the hydrolysis data it can be seen that 86% of horn can be utilized as a supplement for a fermentation medium for lactic acid production by L. casei. In this work, we obtained 733 g of lactic acid from 100 g HP for 26 h. The estimated 600 tons of HP available in Turkey could therefore be used in the production of 4398 tons of lactic acid. The RHH has a high nutrient content and is safe for microbial growth. It is, therefore, marketable and can o¡set the operating costs. This process is technically feasible for the treatment of waste horns with lactic acid recovery. Waste horns are disposed by municipalities in Turkey, causing severe environmental problems due to the associated high organic pollutant (BOD) and microbial loads. Lactic acid recovery from waste horns in Turkey can reduce this pollution problem. Other ¢brous proteins such as feather, nail and hair should behave similarly and could be tested for lactic acid production as well.
In this research the production costs associated with the use of RHH rather than existing commercial supplements such as corn steep liquor have not been considered in detail although they are likely to be similar. The use of RHH would solve an environmental problem and for local production of lactic acid where commercial supplements would have to be purchased from abroad. Whatever may happen, the RHH was found to be a suitable substrate for use as a supplement in lactic acid production. Consequently, ram horns may be used as a nitrogen source in lactic acid production.
